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Separation trajectories of the carrier and orbiter are required to 
support the JSC MPAD generation of reference trajectories for AL 
free flight #1 (see Reference 1). The separation trajectories 
encompass the flight time duration between physical separation of 
the orbiter from the carrier and ALT interface attainment by the 





orbiter In order to assure carrier vortex avoidance. Toward that 
end this MDTSCO "Orbi ter/Carrier Separation for the ALT Free Flight 

n 

#1 Reference Trajectories" is performed for both the tailcone off 
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3.0 DISCUSSION 


This section suntnarizes the specifications, assumptions and ana> 



lytical approach used in this analysis. Maximum utilization of 


previous analyses is made in order to expedite definite of sepa- 
ration trajectories of the orbiter from the carrier. Source data 
is referenced accordingly in the subsequent text. 
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In this analysis, the ALT orbiter/carner separation is simulated 


by the Space Vehicle Dynamics Simulation in two flight phases. Th 


orbi ter/carrier separation flight conditions constitute the initial 


conditions of the separation flight phase. The separation flight 
phase is defined to be five seconds in duration. The pest separa- 

HHKSHUnHHBiB 

tion flight phase is defined to be initiated at five seconds after 


physical separation of the orbiter from the carrier and to terminate 


at a point sufficient to demonstrate orbiter avoidance of the car- 


1 Sped fications 

The specifications for the separation trajectories follow. 

1) Orbi ter/carrier separation design criteria and constraints. 

. 

a) Separation clearance distance between the cg's of the 


respective vehicles (as measured in the carrier reference 

BEN 


coordinate system at 4 sec after separation) must exceed 


— 





i4° ft. gjp H a 

b) Relative normal acceleration at separation between the 


respective vehicle centers of mass (as measured in the 

carrier reference coordinate system) must approximate 

’ 

.75 g's. 

c) Initial pitch acceleration of the orbiter at separation 



must approximate 4 deg/sec 2 . 

■HEHHi 

d) Normal load factor of the orbiter during the separation 
flight phase must not exceed 2 g's. 

. 

2) Orbi ter/carrier post separation design criteria and constraints: 

iu 

a) The miniiiiun path distance (between the current orbiter eg 
position and the flight path of the carrier cg)must exceed 
140 ft when the time rate of change of minimum path distance 
remains positive (vortex avoidance). 

m 

b) Carrier airspeed must not exceed 312 KCAS. 

c) Carrier normal load factor must not exceed 2 g's. 

3) Orbiter ALT interface requirements: 
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a) Normal load factor of the orbiter mu:t exceed .5 g ’ s during 


the post separation flight phase. 
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b) Terminal flight path angle of the orbiter must approximate 
-27 deg and -18 deg for the tailcone off and tailcone on 
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configurations, respectively (ALT interface). 
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3.2 Assumptions 


Three categories of assumptions are used for this analysis. Cate 
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gory one entails the data base assumptions. Category two consists 
of the flight sequence assumptions. Category three contains as- 
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Assumptions which simplify the analytical approach follow. 


f 


1) Only nominal data Is assumed, flo system nor environmental 




tolerances are analyzed. 



2) Only the lightweight orbiter is analyzed (150,000 lbs, eg is 
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3.3 Analytical Approach 

The overall analytical approach consists of generating an orbiter/ 
carrier separation reference trajectory for each of two orbiter 
tailcone configurations. Toward that end* a four step analytical 
approach comnon to both trajectories is used. 

The- first step is to determine the equilibrium glide conditions, of 
the mated vehicle configuration at the termination of the presepa- 
ration pitchover maneuver. The mated trim program is used to de- 
termine the flight conditions required to maintain .75 g's relative 
normal load factor at separation and 4 deg/sec 2 post separation in- 
itial orbiter pitch acceleration at a prespecified incidence angle 
and altitude. Those flight conditions then constitute the initial 
conditions for the orbiter/carrier separation reference trajectories. 

The second step is to calibrate the carrier pitch attitude which 
equilibrium glides the carrier at the separation airspeed during 
the post separation flight phase. That carrier pitch attitude com- 
mand is used because it results in a carrier post separation maxi- 

a 

mum airspeed of less than the 312 KCAS limit. The mated trim pro- 
gram is used for that purpose also. 

The third step is to calibrate the orbiter pitch rate coimumd during 
the post separation flight phase in order to maintain an orbiter 
normal load factor greater than 0.5 g*s during the orbiter pitchover 
maneuver to ALT interface. 
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pitch rate coumand during the post separation flight phase in order 


to limit the orbiter flight path angle to 27 deg nose down and 18 


deg nose down for the tailcone off and tailcone on orbiter config- 


uration, respectively. 


. 




This section first presents the intermediate results of the analy- 
tical approach as outlined in Section 3.3. The separation reference 
trajectory results are then presented. 


The orbi ter/carrier separation initial flight conditions are tabu- 
lated in Table 1. Those results are a product of step one of the 
analytical approach. 

The carrier and orbi ter steering summary is tabulated in Table 2. 
Those results are a product of steps two through four of the analy 
tical approach. 


i 

The results of the orbi ter/carrier separation reference trajectory 
generation are presented in Tables 3 and' 4 and Figures 1 through 
26. Orbi ter/carrier separation event schedule is tabulated in 
Table 3. Orbi ter/carrier separation design specifications compatibi 
lity is sunmarized in Table 4. Time histories of parameters of 
interest are illustrated in Figures 1 through 26.' 





5.0 CONCLUSIONS AND RECOMMENDATIONS 
— 

The orbi ter/carrier separation reference trajectories documented 
herein satisfy all known separation design requirements. It is 


therefore reconmended that the event sequence and steering summary 
reported herein be incorporated into the development of the ALT 
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TABLE 2 ORBITER/CARRIER SEPARATION STEERING SUMMARY 











TABLE 3 ORBITER/CARRIER SEPARATION EVENT SCHEDULE 
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FIGURE 9 

ALT FREE; FLIGHT #1 REFERENCE TRAJECTORY 
TAILCONE ON 

RELATIVE NORMAL LOAD FACTOR TIME HISTORY 
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ELAPSED TIME SINCE SEPARATION - SECONDS 
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ALT FREE FLIGHT #1 REFERENCE TRAJECTORY 
TAILCONE ON 

CARRIER ROLL ATTITUDE CONMAND AND RESPONSE TIKE HI STORIES 
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ELAPSED TIME SINCE SEPARATION - SECONDS 














FIGURE 14 

ALT FREE FLIGHT #1 REFERENCE TRAJECTORY 
TAILCONE OFF 
SEPARATION CLEARANCE . 
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FIG'_RE 15 

' FPLE FLIGHT *1 REFERENCE TRAJECTORY 
TAILCONE OFF 

MINIMUM PATH DISTANCE TIME HISTORY 
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AIRSPEED TIKE HISTORY 
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ELAPSED TIME SINCE SEPARATION - SECONDS 
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ELAPSED TIME SINCE SEPARATION - SECONDS 
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ELAPSED TIME SINCE SEPARATION - SECONDS 
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FLIGHT *1 REFERENCE TRAJECTORY 
TAILCONE OFF 

E OF ATTACK TIME HISTORY 
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